Background and Purpose-Use of oral contraceptives has increased, and there is uncertainty about the stroke risk associated with their use. Our aim was to investigate this issue. Methods-Using case-control techniques, we identified consecutive women with ischemic stroke from 4 Melbourne hospitals. All patients were between 15 and 55 years of age and had no prior stroke. Neighborhood-based control subjects were individually age-matched (Ϯ5 years) and geographically matched to subject cases. A questionnaire administered to participants elicited information about prior exposure to various potential risk factors, including the oral contraceptive pill (OCP 
T he oral contraceptive pill (OCP) was first introduced in the 1960s. The possibility that cerebrovascular accidents (strokes) might be induced by the OCP was first raised by Lorentz 1 in 1962. Most studies of the cardiovascular side effects of the OCP carried out during the 1960s and 1970s were based on the use of oral contraceptive formulations that typically contained 80 or 100 g estrogen. There is now widespread use of the OCP in lower doses (30 to 35 g estrogen). Many large studies of OCP use and stroke risk have been performed, but there is disagreement about whether an association remains between OCP use and stroke [2] [3] [4] [5] [6] [7] [8] [9] [10] and some concern regarding the potential for serious adverse events among OCP users, 11 including pulmonary embolism, 2,3 myocardial infarction, 12 and recently cerebral venous sinus thrombosis. 13 There are 2 main reasons for reexamining this association. First, the OCP contains lower doses of estrogen and progestogen than previously, and second, current recommendations restrict its use to younger women who do not have other risk factors for cardiovascular disease. 7 
Materials and Methods

Subjects
Cases of ischemic stroke in Melbourne, Australia, occurring between August 1984 and October 1996 were identified by discharge record surveillance of 4 major city hospitals (Austin & Repatriation Medical Centre, Monash Medical Centre, Alfred Hospital, and Royal Melbourne Hospital). Melbourne has a population of Ϸ3.5 million. The age-adjusted incidence of stroke among women in part of this region has recently been reported to be 89 per 100 000 population per year during 1996 to 1997. 14 Ischemic stroke was defined as a sudden onset of an acute focal neurological deficit. CT, autopsy, or MRI was used to exclude causes other than ischemia. The duration of cerebral ischemia may be Ͻ24 (transient ischemic attack [TIA] ) or Ͼ24 (cerebral infarction) hours.
Cases included patients 15 to 55 years of age who were experiencing their first episode of ischemic stroke. Patients with hemorrhagic stroke were not included, and neither were those residing in nursing homes at stroke onset.
Control Subjects
Controls were identified with the neighborhood selection method. The nurse-interviewer went to the same street from which the case originated and, starting with neighbors sequentially to the left, attempted to identify the first woman who was the same age (Ϯ5 years) as the matching case. Repeated visits (up to 3 times) were made during evenings and weekends if no one was home during the day. To avoid the possibility of biasing toward the unemployed or those who were immobile for health reasons, it was always established that no potential control existed in a given dwelling before moving on to the next house.
Ascertainment of Risk Factors
Nurse-interviewers conducted in-person interviews using a structured questionnaire. All questions related to the time period immediately preceding the stroke (cases) or interview (controls). On average, case subjects were interviewed 6 to 7 months after stroke. Controls were interviewed within 2.5 months of cases. Patients who had died or were unable to answer for themselves were included by interview of next of kin. These proxy interviews occurred in 16 cases (6.8%). To avoid information bias, individuals acting as controls by proxy were asked to nominate an equivalent relative to ensure that a similar manner of interview and similar information sources were used as for the corresponding case.
Hypertension, previous cardiovascular disease, high cholesterol, and diabetes were considered present when patients reported that their medical practitioner had advised them that they had the condition. A family history of hypertension, stroke, ischemic heart disease, or diabetes mellitus was deemed present when the interviewee reported that either 1 or both parents had suffered the condition.
A detailed history of medication use was also recorded. Use of oral contraceptives or hormone replacement therapy was considered present when the subject reported using these medications at any time in her life. All brand names were recorded over the lifetime when available; otherwise, the notation "low dose" or "high dose" was used. Each known brand was then categorized as low-dose (Յ50 g) or high-dose (Ͼ50 g) estrogen.
Self-reported height and weight data were used to calculate body mass index (BMI). We defined a current smoker as a person smoking at least 1 cigarette, cigar, or pipe per day for the preceding Ն3 months and an ex-smoker as a person who had smoked this amount at some period during her life but had not smoked for the preceding Ն3 months. Current drinkers were those reporting drinking any amount of alcohol at the time of the stroke (cases) or interview (controls), and previous drinkers were those who drank alcohol in the past. Subjects were considered to have exercised if they had ever undertaken regular physical activity that caused breathlessness at least once a week at any time in their lives. All subjects were asked about their frequency of adding salt to food, whether they removed fat from meat or skin from chicken before eating, and whether they ever followed a vegetarian diet.
An ever user of the OCP was a woman who used the OCP at any time in her life before the time of ischemic stroke (cases) or interview (controls). A current user was a person who used the OCP at any time within 5 years before the event (cases) or interview (controls). A past user reported using the OCP in the past but was not a current user. A noncurrent user included never users and past users. The remaining women were classified as having never used these medications.
The questionnaire had previously been validated with information from patients' medical records. 15 
Statistical Analysis
Conditional logistic regression was used to compute odds ratios (ORs) approximating the relative risks of stroke for various exposures. When information on a particular variable under investigation was missing, both the individual and the matched pair were excluded from the analysis. Initially, univariate ORs were calculated for exposure variables of interest and potentially confounding variables. Confounding variables with a value of PՅ0.10 were retained for use in multivariate analyses. Exercise, hypercholesterolemia, and alcohol consumption were also controlled for in these analyses because of their association with other vascular diseases.
Ethics
This study was approved by ethics committees at each hospital, and informed consent was obtained from each participant.
Results
Between August 1984 and October 1996, we identified 244 first-ever cases of ischemic stroke among women 15 to 55 years of age. Five cases refused to participate, and in a further 5 instances, no age-matched control could be identified. This left us with a total of 234 case-control pairs of ischemic stroke (95.9% of ischemic stroke participants). The mean age was 41.9 years for cases and 42.5 years for controls (Table 1) . Diabetes, TIA, hypertension, and myocardial infarction were more common among cases than controls (Table 2 ). Of those currently using an OCP, none reported using a preparation with Ͼ50 g estrogen; however, 31% of these cases and 26.9% of controls had taken preparations containing higher doses of estrogen in the past. Table 2 summarizes the crude and adjusted ORs of ischemic stroke for all exposure variables used in the multivariate analysis. Women who reported currently using the OCP (estrogen Յ50 g) were not at an increased risk of ischemic stroke. The presence of hypertension or a TIA was associated with an increased risk of ischemic stroke (OR, 2.18; 95% CI, 1.22 to 3.91; and OR, 8.17; 95% CI, 1.69 to 39.6, respectively). Women with a history of myocardial infarction and diabetes were also at greater risk of ischemic stroke (OR, 5.64; 95% CI, 1.04 to 30.61; and OR, 5.42; 95% CI, 1.42 to 20.75, respectively). Exercise, alcohol consumption, and hypercholesterolemia were not associated with ischemic stroke in these young women. Interestingly, smoking Ͼ20 cigarettes a day was associated with a greater risk of ischemic stroke (OR, 3.68; 95% CI, 1.22 to 11.09).
Crude and adjusted ORs of ischemic stroke for age, BMI, dietary factors, and family history are provided in Table 3 . Subjects' culinary habits such as adding salt to food and removing fat from meat or skin from chicken before eating showed no association with ischemic stroke. However, having a family history of stroke was associated with an increased risk of ischemic stroke (OR, 2.22; 95% CI, 1.12 to 4.43). Among users of the OCP at doses of Յ50 g estrogen, there was no association between the number of years using the pill and ischemic stroke (Table 4) . Further analyses were undertaken to determine whether there was an interaction between use of the pill and ischemic stroke according to smoking or hypertension status. However, none of these differences reached statistical significance (all interaction values were PϾ0.05; data not shown).
Discussion
There is still conflicting evidence for a role of the OCP in stroke. 2-7,9,10,16 -23 Results have been variable, with some authors finding an increased risk of ischemic stroke in OCP users [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] 16, 17, 20, [22] [23] [24] [25] [26] [27] and a few documenting a protective effect in past users. 21 Results of these case-control and cohort studies may be susceptible to bias because OCP use may be inaccurately measured or other unknown potential confounding factors may be unbalanced between the 2 groups compared. Furthermore, the treatments may vary over time, and particularly in retrospective studies, either women may recall information imperfectly or there may be differential recall between cases and controls. 11 Perhaps the most useful overall view of the issue comes from a recent large meta-analysis of 16 case-control and cohort studies. 26 Among the case-control studies (published between 1993 and 1999), the relative risk was still elevated among those using low-dose (Յ50 g) estrogen (OR, 2.08, 95% CI, 1.55 to 2.80) 5,7,9,18 -20,23 but was significantly lower than among those using higher doses (Ն50 g) of estrogen (OR, 4.53; 95% CI, 2.17 to 9.50). [2] [3] [4] 6, 16 The overall relative risk, regardless of the OCP dose, was 2.75 (95% CI, 2.24 to 3.38). OCP use appeared to impart a similar ischemic stroke risk among smokers and nonsmokers. Furthermore, there was no difference in the risk imparted by OCP use according to hypertensive status, the presence or absence of migraine history, and different ages. 26 Table 2 (except for hormone replacement therapy, which is adjusted for all factors except OCP use). 95% CI is for adjusted OR.
Since this large meta-analysis was undertaken, there has been another study in which the risk of ischemic stroke with several types of OCP has been assessed. 27 In this case-control study of 203 patients with stroke and 925 matched population-based controls, the risk of stroke in women using any type of OCP compared with nonusers was 2.3 (95% CI, 1.6 to 3.3). Also, regardless of progestogen content, use of Ն50 g estrogen was associated with an increased risk of ischemic stroke, with an OR of 3.1 (95% CI, 1.2 to 7.9), which was slightly higher than that for the use of Ͻ50 g estrogen (OR, 2.3; 95% CI, 1.5 to 3.4).
In our study, current use of the OCP was not associated with a statistically greater risk of ischemic stroke compared with those not currently using the OCP. Also, there was no evidence that either smoking or hypertension potentiated the risk of stroke in this group. Furthermore, the duration of OCP use did not significantly affect risk estimates of ischemic stroke, even among those who used the OCP for a long period (Ͼ20 years). Similar results have been reported in 2 rigorous, population-based case-control studies of low-dose (Ͻ50 g) estrogen OCPs in the United States. 21 In this population, there was similarly no significant elevation of ischemic stroke risk with current use of low-dose OCPs (OR, 0.66; 95% CI, 0.29 to 1.47). 21 Similar to other investigators, we have reported an association between cigarette smoking and ischemic stroke. 5, 10, 28 In particular, people smoking Ͼ20 cigarettes per day were at greater risk of stroke. Importantly, this increased risk was diminished among past smokers. Furthermore, we have also demonstrated a significant increase in the risk of ischemic stroke among people with a family history of stroke (OR, 2.19; 95% CI, 1.10 to 4.34). This was slightly higher than that reported recently (OR, 1.4; 95% CI, 1.0 to 1.8), although the point estimate of this latter study is incorporated within the 95% CI bounds of the present findings. 10 In addition, similar to recent findings, we found an increased risk of ischemic stroke in people with a history of hypertension and diabetes mellitus. 10 A number of potential biases may have influenced the results of this study. The most important of these may be due to differential recall among cases and controls, because of either intellectual impairment of cases or the fact that cases may have more reasons to ponder the "cause" of their stroke. This may result in an underestimate or overestimate of the OR, respectively.
There are several reasons why our results differ from the findings of the large meta-analysis and the recent study. 10, 26 First, data related to the hormone content of the pill used at the time of stroke should be interpreted with care. It has been assumed that any effects of the previous brand disappear as soon as the pill is changed or no longer used. Second, the complex interaction between the type and dose of hormones contained in each pill was not examined. In our study, we were unable to describe which of the drugs that contained 50 g ethinylestradiol also contained varying doses of norethindrone, lynestrenol, and ethynodiol diacetate. It is possible that the risk of ischemic stroke was elevated in women using these combined OCPs, but we were unable to investigate this issue. We may therefore be missing an important association. There were also no data on progestogen-only oral contraceptives in our study. In general, most patients used second-generation progestogens (ie, levonorgestrel). Third, in our study, Ͼ45% of the patients were between 45 and 55 years of age, and in this group, only 7.24% were current OCP users. Because so few people were current users of the OCP in this large group of women, it is possible that we have underestimated the association between the OCP and ischemic stroke.
To summarize the existing information, OCPs with an estrogen content Ͻ50 g seem to be associated with less risk of ischemic stroke than the pill containing a higher dose of estrogen, with ORs of Ϸ2 for the former and 4 for the latter. However, because of our findings and the similar nonassociation between the use of pills containing low-dose (Յ50 g) estrogen and ischemic stroke in previous well-conducted case-control studies, 21 more data are required. This is particularly the case for the newer-generation OCPs (thirdgeneration progestogen pills) and in patients with migraine. We recommend that the OCP (in low doses) be prescribed with care. Particular care should be taken among women with a history of smoking, hypertension, diabetes mellitus, and myocardial infarction and in those with a family history of stroke. 
